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(54) Active vehicle suspension apparatus 

(57) When vibrations having a period at which pitching tends to occur in a vehicle body are detected, if the amplitude of the 
vibrations exceeds a first predetermined value, a control unit increases the damping force of each suspension unit (FS1 , 
FS2, RS1 , RS2) by using an actuator 6. In addition, H the amplitude exceeds a second predetermined value the control unit 
increases the damping force as before and also causes fluid to be supplied to or exhausted from the appropriate units to 
actually adjust the wheel height 
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"VEHICLE SUSPENSION APPARATUS" 

The present invention relates to a vehicle suspen- 
sion apparatus and, more particularly f to an improvement 
in suspension for reducing pitching occurring in a 
vehicle body during traveling. 

In a conventional suspension apparatus, if a vibra- 
tion period input from a road surface is close to the 
natural frequency of suspension when a vehicle travels 
on a waved road having a long wave cycle, large pitching 
may occur in the vehicle, or adjustment of the vehicle 
position becomes difficult. Therefore, a suspension 
apparatus which can reduce pitching occurring in the 
vehicle body is proposed. This apparatus comprises 
suspension units interposed between wheels and a vehicle 
body and having fluid spring chambers, a fluid supply 
unit for supplying a fluid to the fluid spring chambers 
through supply valves, a fluid exhaust unit for 
exhausting a fluid from the fluid spring chambers 
through exhaust valves, a vehicle height sensor for 
detecting a distance between the wheels and the vehicle 
body, and a control unit for controlling the supply and 
exhaust valves. With this arrangement, the control unit 
is designed to open the supply valves for a set or pre- 
determined time in response to an upward displacement of 
vehicle height and to open the exhaust valves for a pre- 
determined time in response to a downward displacement 
of vehicle height when a vibration period of vehicle 



height detected by the vehicle height sensor falls 
within a predetermined range with respect to a reference 
vehicle height as the center of the range and its ampli- 
tude is larger than a predetermined value, thereby 
reducing pitching occurring in the vehicle body. 

In this apparatus, however, if a threshold value 
used for performing control for reducing pitching is set 
to be excessively small, since compressed air is con- 
sumed every control operation, the operation frequency 
of a compressor or pump serving as the fluid supply unit 
or the number of times of actuation of the supply and 
exhaust valves is increased. Therefore, durability of 
each component is inevitably degraded. In contrast to 
this, if the threshold is set to be excessively large, 
even intermediate-level pitching cannot be reduced. 

It is an object of the present invention to provide 
a vehicle suspension apparatus which can effectively 
reduce pitching from relatively small pitching to large 
pitching without degrading durability of each component. 

According to the present invention, there is pro- 
vided a vehicle suspension apparatus comprising suspen- 
sion units interposed between wheels and a vehicle body 
and having fluid spring chambers, fluid supply means 
for supplying a fluid to the fluid spring chambers 
through supply valves, fluid exhaust means for 
exhausting a fluid from the fluid spring chambers 
through exhaust valves, changing means for changing 



a damping force of shock absorbers arranged on the 
suspension units, a vehicle height sensor for detecting 
a distance between the wheels and the vehicle body, and 
a control means for outputting a first control signal to 
increase the damping force by using the changing means 
when a vibration period of vehicle height detected by 
the vehicle height sensor falls within a predetermined 
range with respect to a reference vehicle height as the 
center of the range and if an amplitude of the vibra- 
tions exceeds a first predetermined value, and out- 
putting a second control signal to increase the damping 
force by using the changing means while opening the 
supply valves for a predetermined time in response to an 
upward displacement of vehicle height and open the 
exhaust valves for a predetermined time in response to a 
downward displacement of vehicle height when the ampli- 
tude exceeds a second predetermined value larger than 
the first predetermined value. 

According to the present invention, the damping 
force of the shock absorber is increased in response to 
relatively small pitching, and a fluid is controlled to 
be supplied/exhausted to/from the fluid spring chambers 
in response to larger pitching. With this operation, 
pitching from relatively small pitching to large pitch- 
ing can be effectively reduced. In addition, since the 
operation frequency of compressor or pump and the number 
of times of action of each valve can be decreased, 



durability of each component can be improved. 

This invention can be more fully understood from 
the following detailed description when taken in con- 
junction with the accompanying drawings, in which: 

Fig. 1 is a view showing an overall arrangement of 
an embodiment of the present invention; 

Figs. 2A and 2B are views illustrating an operation 
of each three-way valve in Fig. 1; 

Figs. 3A and 3B are views illustrating an operation 
of each switching valve in Fig. 1; 

Figs. 4A and 4B are flow charts for explaining an 

i 

operation of control unit 36 in Fig. 1? and 

Fig. 5 is a view illustrating a detailed example of 

control. 

An embodiment of the present invention will be 
described below with reference to the accompanying 
drawings. 

Referring to Fig. 1, reference symbol FS1 denotes a 
suspension unit at the front left wheel side; FS2, a 
suspension unit at the front right wheel side; RSI, a 
suspension unit at the rear left wheel side; and RS2, a 
suspension unit at the rear right wheel side. Since 
suspension units FS1, FS2, RSI, and RS2 have the same 
structure, the suspension unit will be represented by 
reference symbol S hereinafter except that the suspen- 
sions for front and rear wheels or left and right wheels 
are independently explained. 



Suspension unit S includes shock absorber 1. 
Absorber 1 includes a cylinder mounted on a wheel and 
piston rod 2 having a piston slidably fitted in the 
cylinder and supported on a vehicle body at its upper 
end* Unit S includes air spring chamber 3 formed 
coaxially with rod 2 above absorber 1 and having a 
vehicle height adjusting function. - Part of chamber 3 is 
formed by bellows 4. Therefore, by supplying/exhausting 
air to/from chamber 3 through path 2a formed in rod 2, 
the vehicle height can be increased or decreased. 

Control rod 5 having valve 5a for adjusting a 
damping force at its lower end is arranged in piston 
rod 2. Control rod 5 is rotated by actuator 6 mounted 
at the upper end of piston rod 2 to drive valve 5a. 

Compressor 11 compresses air fed from air cleaner 
12 and supplies the air to high-pressure reserve tank 
15a through dryer 13 and check valve 14. That is, since 
compressor 11 compresses air fed from cleaner 12 and 
supplies the air to dryer 13, the compressed air dried 
by silica gel or the like in dryer 13 is received in 
tank 15a. An inlet port of compressor 16 is connected 
to low-pressure reserve tank 15b, and its outlet port is 
connected to high-pressure reserve tank 15a. Reference 
numeral 18 denotes a pressure switch which is turned on 
when the pressure in tank 15b exceeds a first set value 
(e.g., the atmospheric pressure). When switch 18 out- 
puts an ON signal, compressor 16 is driven by compressor 



relay 17 which is turned on by a signal from control 
unit 36 (to be described later). Therefore, the 
pressure in tank 15b is always maintained below the 
first set value. 

Air is supplied from tank 15a to each suspension 
unit S as indicated by solid arrows in Fig. 1. That is, 
the compressed air in tank 15a is supplied to suspension 
units FS1 and FS2 through supply flow amount control 
valve 19, front supply solenoid valve 20, check valve 
21, front left solenoid valve 22, and front right sole- 
noid valve 23. Similarly, the compressed air in tank 
15a is supplied to suspension units RSI and RS2 through 
control valve 19/ rear supply solenoid valve 24, check 
valve 25, rear left solenoid valve 26, and rear right 
solenoid valve 27. Note that supply flow amount control 
valve 19 can be set to a first position (ON state) where 
the compressed air to be supplied to each suspension 
unit S passes through small-diameter path L or to a 
second position (OFF state) where the air passes through 
a large-diameter path. 

Air is exhausted from each unit S as indicated by 
broken arrows in Fig. 1. That is, the compressed air in 
units FS1 and FS2 is exhausted to tank 15b through sole- 
noid valves 22 and 23 and exhaust direction change 
valve 28 comprising a three-way valve or is exhausted in 
the atmosphere through solenoid valves 22 and 23, change 
valve 28, check valve 29, dryer 13, exhaust solenoid 
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valve 31, check valve 46 and air cleaner 12. Similarly, 
the compressed air in units RSI and RS2 is exhausted to 
tank 15b through solenoid valves 26 and 27 and exhaust 
direction change valve 32 or is exhausted in the 
atmosphere through solenoid valves 26 and 27, change 
valve 32, check valve 33, dryer 13, exhaust solenoid 
valve 31, check valve 46, and air cleaner 12. Note that 
small-diameter path L having a diameter which is smaller 
than a diameter of paths connecting change valves 28 and 
32 to tank 15b is formed between check valves 29 and 33 
and dryer 13. 

Each of solenoid valves 19 , 22, 23, 26, 27, 28, and 
32 allows an air flow indicated by arrows A in Fig. 2A 
when it is ON (energized) and allows an air flow indi- 
cated by arrows B in Fig. 2B when it is OFF 
(deenergized). Each of valves 20, 24, and 31 allows an 
air flow as indicated by arrows C in Fig. 3A when it is 
ON (energized) and inhibits an air flow as shown in 
Fig. 3B when it is OFF (deenergized). 

Reference numeral 34F denotes a front vehicle 
height sensor, mounted between lower arm 35 of the front 
right suspension of the vehicle and the vehicle body, 
for detecting a front vehicle height; and 34R, a rear 
vehicle height sensor, mounted between lateral rod 37 of 
the rear left suspension of the vehicle and the vehicle 
body, for detecting a rear vehicle height. Various 
types of known sensors may be employed as the vehicle 
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height sensor. In this embodiment, a sensor of a type 
which can detect nine stages of vehicle height from the 
maximum height to the minimum height, i.e.,. EH, HH, H, 
NH, N (normal), NL, L, LL, EL is employed. Signals 
5 detected by. sensors 34F and 34R are supplied to control 
unit 36. Note that control unit 36 comprises a micro- 
computer, memories, a timer, an output circuit for 
driving valves, and an input circuit for reading outputs 
from switches and sensors (all of which are not shown). 

10 Reference numeral 38 denotes a vehicle velocity 

sensor, incorporated in a speedometer, for supplying a 
detected vehicle velocity signal V to unit 36; 39 , an 
acceleration sensor for detecting an acceleration acting 
on a vehicle body and supplying a detected acceleration 

15 signal to unit 36? 30, a brake switch (BSW) serving as a 
brake operation sensor for detecting the depressed state 
* of a brake pedal (not shown), which is turned on when 
the brake pedal is depressed; 40, a steering wheel 
sensor for detecting the rotational speed, of steering 

20 wheel 41, i.e., a steering angular velocity; and 42, 
an accelerator opening sensor for detecting the 
depression angle of an accelerator pedal for an engine 
(not shown). Signals detected by sensors 30, 40, and 42 
are supplied to control unit 36. Reference numeral 43 

25 denotes a compressor relay, controlled by a control 

signal from control unit 36, for driving compressor 11; 
and 44, a pressure switch which is turned on when the 
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pressure in high-pressure reserve tank 15a is reduced 
below a second set value (e.g., 7 kg/cm 2 ). A signal 
from switch 44 is supplied to unit 36. When the 
pressure in tank 15a is reduced below the set value and 
5 pressure switch 44 is turned on, control unit 36 outputs 
a signal to compressor relay 43 so as to drive 
compressor 11. With this operation, the pressure in 
tank 15a is always maintained above the second set 
value. Note that even if pressure switch 44 is turned 

10 on, unit 36 inhibits driving of compressor 11 when 

pressure switch 18 is kept on, i.e., compressor 16 is 
kept driven. Reference numeral 45 denotes a pressure 
sensor, arranged in a path connecting solenoid valves 26 
and 27, for detecting internal pressures of rear suspen- 

15 sion units RSI and RS2. 

Each of solenoid valves 19, 20, 22, 23, 24, 26, 27, 
28, 31, and 32 is controlled in accordance with a 
control signal from control unit 36. 

An operation of the apparatus having the above 

20 arrangement according to the embodiment will be 

described below. 

This apparatus has a vehicle height adjusting func- 
tion and a position control function. 

The vehicle height adjusting function for adjusting 
25 a vehicle height will be described first. 

Control unit 36 compares vehicle heights detected 
by vehicle height sensors 34F and 34R with target 



vehicle heights set in the memory of unit 36. If it 
determines that each detected vehicle height is larger 
than the corresponding target vehicle height, it turns 
on solenoid valves 22, 23, 26, and 27, exhaust solenoid 
valve 31, and exhaust direction change valve 32 to lower 
the vehicle height. When unit 36 determines that the 
vehicle height is smaller than the target vehicle 
height, it turns on flow amount control valve 19 and 
supply solenoid valves 20 and 24 to increase the vehicle 
height. 

The position control function for suppressing 
changes in position of the vehicle will be described 
below. 

When steering wheel 41 is steered clockwise, the 
vehicle body tends to roll counterclockwise. I.n 
response to this operation, control unit 36 keeps supply 
solenoid valves 20 and 24 ON for a set time, and at the 
same time, turns on right-wheel solenoid valves 23 and 
27 and turns on exhaust direction change valve 28, 32 
after the set time has elapsed. With this operation, a 
set amount of compressed air is supplied from high- 
pressure reserve tank 15a to air spring chambers 3 of 
suspension units FS1 and RSI on the left side, and a set 
amount of compressed air is exhausted from air spring 
chambers 3 of suspension units FS2 and RS2 on the right 
side to low-pressure reserve tank 15b. As a result, 
displacement of the vehicle, i.e., a counterclockwise 



roll is suppressed. This state, i.e., the state wherein 
a set amount of compressed air is supplied to air spring 
chambers 3 of suspension units FS1 and RSI on the left 
side while a set amount of compressed air is exhausted 
from air spring chambers 3 of suspension units FS2 and 
RS2 on the right side is maintained. When turning is 
shifted to straight traveling, and control unit 36 
detects that steering is set neutral by using steering 
sensor 40 or detects that a lateral acceleration becomes 
small by using acceleration sensor 39, unit 36 turns off 
solenoid valves 23 and 27. At the same time, unit 36 
turns off exhaust direction change valve 28, 32. With 
this operation, the pressures in the air spring chambers 
of the respective suspension units on the right and left 
sides are kept to be equal to each other as in the case 
before the control is started. 

When steering wheel 41 is steered counterclockwise, 
the vehicle body tends to roll clockwise. In response 
to this operation, unit 36 keeps supply solenoid 
valves 20 and 24 ON for a set time, and at the same 
time, turns on left-wheel solenoid valves 22 and 26. In 
addition, after the set time has elapsed, unit 36 turns 
on change valve 32. As a result, a set amount of 
compressed air is supplied from high-pressure reserve 
tank 15a to air spring chambers 3 of suspension units 
FS2 and RS2 on the right side, and at the same time, a 
set amount of compressed air is exhausted from air 
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spring chambers 3 of suspension units FS1 and RSI on the 
left side to low-pressure reserve tank 15b. With this 
operation, the displacement of the vehicle, i.e., a 
clockwise roll, is suppressed. Subsequently, the 
vehicle is controlled in the same manner as in the case 
wherein steering wheel 41 is steered clockwise. 

An operation of position control for suppressing a 
squat will be described. A squat is a phenomenon in 
which a front portion of a vehicle floats while its rear 
portion sinks when the vehicle is started/accelerated 
because of an acceleration acting on the vehicle body. 
When it is detected that the vehicle is quickly acce- 
lerated by using accelerator opening sensor 42 or acce- 
leration sensor 39, unit 36 turns on solenoid valve 24 
for a set time, and at the same time, turns off front- 
wheel solenoid valves 22 and 23. In addition, after the 
set time has elapsed, unit 36 turns on change valve 28. 
As a result, a set amount of compressed air is exhausted 
from front-wheel suspension units FS1 and FS2 to tank 
15b, and at the same time, a set amount of compressed 
air is supplied from tank 15a to rear-wheel suspension 
units RSI and RS2. The squat is controlled in this 
manner. This state is continued until the acceleration 
is decreased. When unit 36 detects that the quick acce- 
leration is decreased by using accelerator opening sen- 
sor 42, acceleration sensor 39, or the like after this 
operation, control unit 36 keeps supply solenoid 



valve 20 and rear-wheel solenoid valves 26 and 27 ON for 
a set time f and at the same time, turns off front-wheel 
solenoid valves 22 and 23. As a result, a set amount of 
compressed air is supplied from tank 15a to front-wheel 
suspension units FS1 and FS2 while a set amount of 
compressed air is exhausted from rear-wheel suspension 
units RSI and RS2 to tank 15b. With this operation, the 
air spring chambers of the respective suspension units S 
are returned to the state before the control is started. 

An operation of position control for suppressing a 
nose dive will be described below. A nose dive is a 
phenomenon in which a front portion of a vehicle sinks 
upon braking because of a negative acceleration acting 
on the vehicle body. When acceleration sensor 39 
detects that a negative acceleration upon braking or the 
like exceeds a predetermined value, control unit 36 
keeps supply solenoid valve 20 ON for a predetermined 
time, and turns on rear-wheel solenoid valves 26 and 27. 
In addition, after the predetermined time has elapsed, 
unit 36 turns on exhaust direction change valve 32. 
With this operation, a predetermined amount of 
compressed air is supplied from high-pressure reserve 
tank 15a to front-wheel suspension units FS1 and FS2, 
and a predetermined amount- of compressed air is 
exhausted from rear-wheel suspension units RSI and RS2 
to low-pressure reserve tank 15b. The nose dive can be 
suppressed in this manner. This state is continued 
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until the negative acceleration is decreased. When sen- 
sor 39 detects that the negative acceleration is 
decreased r unit 36 keeps supply solenoid valve 24 and 
front-wheel solenoid valves 22 and 23 ON for a predeter- 
5 mined time, and turns off rear-wheel solenoid valves 26 
and 27. With this operation, a predetermined amount of 
compressed air is exhausted from front-wheel suspension 
units FS1 and FS2 to tank 15b, and a predetermined 
amount of compressed air is supplied from tank 15a to 
10 rear-wheel suspension units RSI and RS2. In this 
manner, the air spring chambers of the respective 
suspension units S are returned to the state before the 

control is started. 

A control sequence for reducing pitching occurring 

15 in the vehicle body when the vehicle travels on a waved 
road having a long wave cycle will be described below. 
According to this control sequence, control unit 36 
always monitors changes in vehicle height, and increases 
the damping force of each shock absorber when a 

20 variation period of vehicle height falls within a prede- 
termined range with respect to a reference vehicle 
height as the center of the range, and its amplitude is 
larger than "H" or smaller than n L". In addition, when 
the amplitude at this time is larger than "HH n or ? 

25 smaller than "LL", a predetermined amount of air is 
supplied to the air spring chambers in response to 
an upward displacement of vehicle height, whereas 
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a predetermined amount of air is exhausted from the air 
spring chambers in response to a downward displacement 
of vehicle height* Processing performed by control unit 
3 6 will be described in detail with reference to flow 
charts in Figs. 4A and 4B. Note that the flow charts 
shown in Figs. 4A and 4B are used to described 
supply/exhaust control of front-wh^el suspension units 
FS1 and FS2. Although a description of rear-wheel 
suspension units RSI and RS2 will be omitted, they are 
controlled in the same manner as in the flow charts 
shown in Figs. 4A and 4B by using detection signals from 
vehicle height sensor 34R. 

In step SI, control unit 36 performs initializa- 
tion, i.e., clears each memory and flag, and resets each 
timer. In step S2, an output from each sensor is read, 
i.e., detection signals from vehicle velocity sensor 38 
and vehicle height sensor 34F are read, and are stored 
in a predetermined memory incorporated in unit 36. It 
is judged in step S3 whether vehicle velocity V exceeds 
predetermined vehicle velocity Vo (e.g., 30 km/h). If 
"YES" is obtained in step S3, the flow advances to step 
S4 to judge whether currently detected vehicle height H n 
is equal to previously detected vehicle height H n _i. 
Note that control unit 36 repeatedly performs processing 
in the flow charts shown in Figs. 4A and 4B in a very 
short cycle (e.g., 6 msec), and that a value read in 
step S2 in the preceding cycle is stored in the 



predetermined memory as previously detected vehicle • 
height Hn-1. If "NO" is obtained in step S4 f i.e., it 
is detected that a change in vehicle height occurs, the 
flow advances to step S5 to judge whether vehicle height 
H n exceeds vehicle height H n _x. If "YES" is obtained in 
step S5, the flow advances to step S6 to judge whether 
n l" is set in a predetermined memory as downward flag 
DNFLG. Note that downward flag DNFLG is set at "1" when 
vehicle height H n is below vehicle height H n _i, and is 
set at "0" when vehicle height H n exceeds vehicle height 
H n-1* If nYES " is obtained in step S6, i.e., it is 
judged that the vehicle height which has been decreased 
starts to increase, the flow advances to step SI, so 
that vehicle height H n _i is stored in a predetermined 
memory as minimum vehicle height Hmin, and "0" and "1" 
are set a predetermined memory as downward and upward 
flags DNFLG and UPFLG, respectively. 

When processing in step S7 is completed, or if "NO" 
is obtained in step S6, the flow advances to step S8 to 
judge whether vehicle height H n is "NH". If "YES" is 
obtained in step S8, the flow advances to step S9 to 
start timer I incorporated in unit 36 and stop timer II. 
Then, the flow advances to step S10 to judge whether a 
time counted by timer II falls within a predetermined 
range, i.e., between Tl and T2 seconds. Tl and T2 
defining the predetermined range are set to be close to 
values of the natural frequency of suspension, i.e., 
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values at which resonance tends to occur. 

If "YES" is obtained in step 10 , the flow advances 
to step Sll to judge whether vehicle height Hmin is 
smaller than "L". If "YES" is obtained in step Sll, the 
flow advances to step SI 2 to output a control signal for 
increasing the damping force of actuator 6 and set "1" 
in a predetermined memory as control flag CNTFLG. Then, 
the flow advances to step S13 to judge whether vehicle 
height Hmin is smaller than "LL". If n yES M is obtained 
in step SI 3, the flow advances to step SI 4 to output a 
control signal for opening front supply solenoid valve 
20 for a predetermined time and set "2" in a predeter- 
mined memory as control flag CNTFLG • When processing in 
step S14 is completed, the flow advances to step S15, 
and number NC of control cycles is counted and stored in 
a predetermined memory. In step SI 6, vehicle height H n 
is stored in a predetermined memory as vehicle height 
H n _i. When processing in step S16 is completed, the 

flow returns to step S2. 

In contrast to the above operation, if "NO" is 
obtained in step S5, the flow advances to step S17 to 
judge whether "1" is set in a predetermined memory as 
upward flag UPFLG. Note that upward flag UDFLG is set 
at "1" when vehicle height H exceeds vehicle height 
Hn-1, and is set at n 0 n when vehicle height H n is 
smaller than vehicle height H^. If "YES" is obtained 
in step 17, i.e., it is judged that the vehicle height 
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which has been increased starts to decrease f the flow 
advances to step S18. In step S18 f vehicle height H n _i 
is stored in a predetermined memory as maximum vehicle 
height Hmax, and "O" and "1" are set in a predetermined 
memory as upward and downward flags UPFLG and DNFLG, 

respectively. 

When processing in step S18 is completed, or if 
"NO" is obtained in step S17, the flow advances to step 

519 to judge whether vehicle height H n is "NL n . If 
"YES" is obtained in step S19, the flow advances to step 

520 to start internal timer II and stop timer I. Then, 
the flow advances to step S21 to judge whether a time 
counted by timer I falls within in a predetermined 
range, i.e., between Tl and T2 seconds. 

If "YES" is obtained in step S21, the flow advances 
to step S22 to judge whether vehicle height Hmax exceeds 
"H". If "YES" is obtained in step S22, the flow advan- 
ces to step S23 to output a control signal for 
increasing the damping force of actuator 6 and set n l n 
in a predetermined memory as control flag CNTFLG. Then, 
the flow advances to step S24 to judge whether vehicle 
height Hmax is larger than "HH n . If "YES" is obtained 
in step S24, the flow advances to step S25 to output a 
control signal for opening front solenoid valves 22 
and 23 for a predetermined time and set "3" in 
a predetermined memory as control flag CNTFLG • When 
processing in step S25 is completed, the flow advances 
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to step S15. Note that if "NO" is obtained in step S8 
or S19, the flow advances to step S16. 

If "NO" is obtained in step S3, i.e., if it is 
judged that vehicle velocity V is below predetermined 
5 vehicle velocity Vo, the flow advances to step S26 to 
judge whether "0" is set as control flag CNTFLG. If 
"NO" is obtained in step S26, i.e., if it is judged that 
control is executed in one of steps S12, S14, S23, and 
S25, the flow advances to step S27 to judge whether 
10 stored number NC of control cycles is an odd number. If 
"YES" is obtained in step S27, the flow advances to step 

i 

S28 to judge whether control flag CNTFLG is set at "3". 
If "YES" is obtained in step S28, the flow advances to 
step S29 to output a control signal for keeping valve 20 

15 ON for a predetermined time (e.g., 0.2 seconds). If 

"NO" is obtained in step S28, the flow advances to step 
S30 to judge whether control flag CNTFLG is set at "2". 
If "YES" is obtained in step S30, the flow advances to 
step S31 to output a control signal for keeping valves 

20 22 and 23 ON for a predetermined time (e.g., 0.2 

seconds) . When number NC of control cycles is counted 
up to an odd number in this manner, the state of each 
air spring chamber 3 can be restored to a state prior to 
the control by processing in step S29 or S31. When pro- 

25 cessing in step S29 or S31 is completed, or if "NO" is 
obtained in step S27 or S30, the flow advances to 
step S32. In step 32, "0"s are respectively set in 
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a predetermined memory as control flag CNTFLG and number 
NC of control cycles, and internal timer III is started. 
When processing in step S32 is completed, the flow 
advances to step S16. 
5 If "YES" is obtained in step S26, the flow advances 

to step S33 to judge whether timer III is started. If 
"YES" is obtained in step S33, the flow advances to step 
S34 to judge whether a time counted by timer III exceeds 
predetermined time T3 (e.g., 2.0 seconds). If "YES" is 

10 obtained in step S34, the flow advances to step S35. In 
step S35, unit 36 outputs a control signal for 
decreasing the damping force of actuator 6, stops timer 
. Ill, and sets "0"s in a predetermined memory as downward 
and upward flags DNFLG and UPFLG. When processing in 

15 step S35 is completed, the flow advances to step S16. 
Note that if "NO" is obtained in step S33 or S34, the 
flow also advances to step S16. Even after the 
supply/exhaust control is performed to restore the ini- 
tial state, the damping force is kept at high level 

20 (hard) for a predetermined time. 

If "YES" is obtained in step S4, i.e., if it is 
judged that vehicle height H n is equal to vehicle height 
H n _i, the flow advances to step S3 6 to judge whether "1" 
is set as downward flag DNFLG. If "NO" is obtained in 

25 step S36, the flow advances to step S37 to judge whether 

"1" is set as upward flag UPFLG. If "NO" is obtained in f 
step S37, the flow advances to step S26. If "YES" is 



obtained in step S36 or S37 f the flow advances to step 
S16. 

As is apparent from the above description, 
according to the present invention, when a vibration 
period at which pitching tends to occur in the vehicle 
body is detected, if its amplitude falls out of the 
range between "H" and "L", control unit 36 increases the 
damping force of each suspension unit by using actuator 
6. In addition, if the amplitude falls out of the range 
between "HH" and "LL", unit 36 supplies a predetermined 
amount of air to each air spring chamber 3 in response 
to an upward displacement of vehicle height, and 
exhausts a predetermined amount of air from each air 
spring chamber 3 in response to a downward displacement 
of vehicle height. According to a detailed example of 
control shown in Fig. 5, when period T of vehicle height 
vibration falls within a predetermined range, and the 
amplitude falls out of the range between "H" and "L", 
the damping force is increased when (at time tl) vehicle 
height "NL" is detected during a downward displacement 
of vehicle height or vehicle height "NH" is detected 
during a upward displacement of vehicle height. In 
addition, when the amplitude falls out of the range be- 
tween "HH" and "LL", the air supply control is executed 
for a predetermined time when (at time t2 or t4) 
vehicle height "NH" is detected during the upward 
displacement of vehicle height, while the air exhaust 
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control is executed when (at time t3) vehicle height 

i 

B NL n is detected during the downward displacement of 

vehicle height. 

According to the embodiment, therefore, the damping 
5 force of shock absorber 1 is increased in response to 
relatively small pitching, whereas air is controlled to 
be supplied/exhausted to/from each a^ir spring chamber 3 
in response to larger pitching, thereby effectively 
reducing pitching from relatively small pitching to 

10 large pitching. In addition, since the operation fre- 
quency of compressor 16 and the number of times of 
actuation of each valve can be decreased, durability of 
each component can be improved. 

Note that in the above-described embodiment, the 

15 damping force is increased at time tl. However, if 

period T of vehicle vibration falls within the predeter- 
mined range, the damping force may be increased when 
(time t5) the vehicle height falls out of the range bet- 
ween n H" and "L n . 

20 In' addition, in the above embodiment, air is used 

as a working fluid. However, the present invention can 
be easily applied to a suspension apparatus of a hydrop- 
neumatic type suspension using a liquid as a working 
fluid. 
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Claims: 

1. A vehicle suspension apparatus comprising: 
suspension units interposed between wheels and a vehicle 
body and having fluid spring chambers? 
5 fluid supply means for supplying a fluid to said 

fluid spring chambers through supply valves; 

fluid exhaust means for exhausting the fluid from 
said fluid spring chambers through exhaust valves; 

changing means for changing a damping force of 
10 shock absorbers arranged on said suspension units; 

a vehicle height sensor for detecting a distance 
between said wheels and said vehicle body; and 

control means for outputting a first control signal 
to increase the damping force by using said changing 
15 means when a vibration period of vehicle height detected 
by said vehicle height sensor falls within a predeter- 
mined range with respect to a reference vehicle height 
as the center of the range and if an amplitude of the 
vibrations exceeds a first predetermined value , and 
20 outputting a second control signal to increase the 

damping force by using said changing means while opening 
said supply valves for a predetermined time in response 
to an upward diisplacement of vehicle height and open 
said exhaust valves for a predetermined time in response 
25 to a downward displacement of vehicle height when the 
amplitude exceeds a second predetermined value larger 
than the first predetermined value. 
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2, An apparatus according to claim 1, further 
comprising restoration control means for outputting a 
third control signal for opening required valves of said 
supply or exhaust valves for a predetermined time so as 

5 to set an amount of air in each of said fluid spring 

chambers to a value prior to the control operation when 
the vehicle height detected by said vehicle height sen- 
sor does not satisfy a condition for outputting the 
second control signal after the second control signal is 
10 output and if the number of supply/exhaust operations of • 
the fluid in each of said fluid spring chambers executed 
by the second control signal is an odd number. 

3, An apparatus according to claim 2, wherein said 
restoration control means outputs a fourth control 

15 signal to said changing means so as to set the damping 
force of said shock absorber to an initial state when a 
predetermined time has elapsed after generation of the 

third control signal. 

4, An apparatus according to claim l r further 
20 comprising a vehicle velocity sensor for detecting a 

vehicle velocity, and wherein said control means inhi- 
bits generation of the first and second control signals 
when a vehicle velocity detected by said vehicle velo- 

i 

city sensor is less than a predetermined value* 
25 5. A vehicle suspension apparatus, substantially 

as hereinbefore described with reference to Figs. 1 to 5. 
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